metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

Tris(ethy lenediamine-«: 2 N,N')cobalt(l 1 1) 
aquatris(oxalato-«: 2 0 1 ,0 2 )indate(l II) 

Zhe Zhang, Fuxiang Wang and Shuangquan Liao* 

Department of Materials and Chemical Engineering, Ministry of Education Key 
Laboratory of Application Technology of Hainan Superior Resources Chemical 
Materials, Hainan University, Haikou 570228, Hainan Province, People's Republic 
of China 

Correspondence e-mail: shqliao@126.com 

Received 26 November 201 1 ; accepted 1 3 December 201 1 

Key indicators: single-crystal X-ray study; T = 293 K; mean cr(C-C) = 0.007 A; 
R factor = 0.048; wR factor = 0.119; data-to-parameter ratio = 16.6. 



In the cation of the title compound, [Co(C2H 8 N 2 )3][In(C20 4 )3- 
(H 2 0)], the Co 111 atom is coordinated by six N atoms from 
three ethylenediamine molecules. The Co 111 — N bond lengths 
he in the range 1.956 (4)-1.986 (4) A. In the anion, the In 111 
atom is seven-coordinated by six O atoms from three oxalate 
ligands and by a water molecule. The cations and anions are 
linked by extensive O— H- ■ O and N— H- ■ O hydrogen 
bonds, forming a supermolecular network. 



Related literature 

For metal phosphates and germanates templated by metal 
complexes, see: Du et al (2004); Pan et al. (2005, 2008); Wang 
et al. (2003a,6,c). For coordination polymers templated by 
metal complexes, see: Pan et al. (2010a, b, 2011), Tong & Pan 
(2011). 
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Experimental 

Crystal data 

[Co(C 2 H g N 2 ) 3 ][In(C 2 0 4 ) 3 (H 2 0)] 

M, = 636.14 

Triclinic, PI 

a = 7.5161 (15) A 

b = 10.921 (2) A 

c = 14.450 (3) A 

a = 79.43 (3)° 

P = 80.13 (3)° 




Y = 71.25 (3)° 

V = 1096.1 (4) A 3 
Z = 2 

Mo Ka radiation 
li = 1.89 mrrT 1 
T = 293 K 

0.3 x 0.2 x 0.18 mm 



Data collection 

Rigaku R-AXIS RAPID-S 

diffractometer 
Absorption correction: multi-scan 

(CrystalClear; Rigaku/MSC, 

2002) 

= 0.6, T max = 0.8 

Refinement 

R[F 2 > 2a(F 2 )} = 0.048 

wR(F 2 ) = 0.119 

S = 1.10 

4988 reflections 

300 parameters 



Table 1 

Hydrogen-bond geometry (A, °). 



11056 measured reflections 
4988 independent reflections 
4360 reflections with / > 2cr(/) 
R<„, = 0.056 



Only H-atom displacement para- 
meters refined 
A/w = 1.32 e A~ 3 
Ap mi „ = -0.91 e A~ 3 
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Symmetry codes: (i) — x+ 1, — y + 1, — z + 1; (ii) x+l,v,z; (iii) 
(iv) —x, —y, —z + 2; (v) — x + 1, — y, —z + 2; (vi) x, y, z + 1. 



-V + 1.-Z + 2; 



Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: 
RAPID-AUTO; data reduction: CrystalStructure (Rigaku/MSC, 
2002); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 
2008); molecular graphics: SHELXTL (Sheldrick, 2008); software 
used to prepare material for publication: SHELXTL. 

This work was supported by the Foundation of Hainan 
University (No. hd09xm69) and the University Scientific 
Research Foundation of the Education Committee of Hainan 
Province (No. HJKL2009-16). 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: FJ2490). 
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Comment 



Currently, more attention has been paid to employ chiral metal complexes as template, for its wide of shapes, charges and 
particularly chirality. Up to now, series of metal phosphates and germanates with interesting stuctures have been prepared 
by using such chiral metal complexes as the template (Wang et ah, 2003a; Pan et ah 2005, 2008; Du et ah 2004). And 
a new concept of chirality transfer of the metal complex into the inorganic host framework has been demonstrated by Yu 
et al. (Wang et ah, 2003Z>,c). Recently, Pan et al. introduced it into the system coordination polymers, a series of metal 
oxalates were obtained using metal complex cations as template (Pan et ah, 20l0a,b, 2011). More recently, they reported 

[Co(C2HgN 2 )3] 3+ [In(C204)2(CH02)2] 3 " -2H 2 0, a formate oxalate mixed coordinated complex (Tong & Pan 2011). In this 

3 + 3 

paper, we present a new complex [Co(C2HsN2)3] [In(C204)3(H20)] As shown in Fig. 1, the crystal structure of (I) con- 

T "J I TTT 

sists of a discrete [In(C2C>4)3(H20)] " anions and [Co(en)3] cations. The In ions was seven coordinated and surrounded 

by three different chelting oxalate and a coordinated water molecule. And the Co 111 atom in the cation was connected six 
N atoms from three different chelting ethylenediamine in a distorted octahedral geometry. The cations and the anions were 
connected each other through hydrogen bonds to giving a supermolecule entity. 

Experimental 

In a typical synthesis, a mixture of In(N03)3.5H20 (1 mmol), Co(en)3Cl3 (0.14 mmol), K2C2O4.H2O (2 mmol) and H2O 
(10 ml), was added to a 20 ml Teflon-lined reactor under autogenous pressure at 120 °C for 4 days. 

Refinement 

All H atoms were positioned geometrically (C — H = 0.97 A, N — H = 0.90 A and O — H = 0.85 A) and allowed to ride on 
their parent atoms, with (7i S0 (H) = 1.2(7 e q(parent atom). 



Figures 




Fig. 1. A view of the structure of complex. Ellipsoids are drawn at the 30% probability level. 
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Tris(ethylenediamine-K iV,iV')cobalt(lll) aquatris(oxalato-K O ,0 )indate(lll) 



Crystal data 

[Co(C 2 H 8 N 2 ) 3 ][In(C 2 0 4 MH 2 0)] 
M r = 636.14 
Triclinic, PI 

a = 7.5161 (15) A 
6 = 10.921 (2) A 
c= 14.450 (3) A 
a = 79.43 (3)° 
(3 = 80.13 (3)° 
Y=71.25 (3)° 
V= 1096.1 (4) A 3 



Z=2 

F(000) = 640 

D x = 1.927 MgnT 3 

Mo radiation, X. = 0.71073 A 

Cell parameters from 10592 reflections 

9 = 3.0-27.5° 

H= 1.89 mm" 1 
7/= 293 K 
Block, yellow 
0.3x0.2x0.18 mm 



Data collection 

Rigaku R-AXIS RAPID-S 
diffractometer 

Radiation source: fine-focus sealed tube 

graphite 

co scans 

Absorption correction: multi-scan 
(CrystalClear; Rigaku/MSC, 2002) 

Tmm = 0-6, r max = 0.8 

11056 measured reflections 



4988 independent reflections 

4360 reflections with / > 2a(7) 
flint = 0.056 

^max = 27.5°, Gmin = 3.0° 

h = -9^9 

*- = -14— »14 
/ = -18->18 



Refinement 

Refinement on 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.048 
wR(F 2 ) = 0.119 
5= 1.10 

4988 reflections 
300 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

Only H-atom displacement parameters refined 

w = l/[o 2 (F 0 2 ) + (0.0504P) 2 + 0.7829P] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 

Apmax= 1.32 e A" 3 
Ap mi „ = -0.91eA" 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two Is. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
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between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

2 2 
Refinement. Refinement of F against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > o(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 
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Atomic displacement parameters (A ) 
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05— Inl— 03 


109.59 (13) 


C5— N5— H5A 


109.3 


013— Inl— Oil 


87.46 (12) 


Col— N5— H5A 


109.3 



sup-5 



supplementary materials 



AC T„ 1 fil 1 

Uj — Inl — (Jl 1 


Ol *7C ( 1 TA 

o3. / j (1Z) 


aq t„ i fii i 

(J3 — Inl — Oil 


1/11 O /I /"I TA 

143.54 (1Z) 


r\\1 i„ i An 

(J13 — Inl — Uv 


O/l £*7 /"1 QA 

o4.0/ (13) 


AC T„ 1 AA 

Uj — ml — Kjy 


AA A A 

yu.4y (13) 


(J3 — Inl — (jy 


it/; /" /" / 1 qa 

130.00 (1Z) 


A1 1 T„ 1 aq 

(Jl 1 — inl KJy 


"71 fl/1 /"1 OA 

/3.y4 (1Z) 


A 1 Q T„ 1 A 1 

(J 1 3 — In 1 — (J 1 


GC A C /1 OA 

yj.4j (1Z) 


ac [,, 1 /"vi 

Uj — In 1 — (J 1 


54.30 (1Z) 


(J3 — Inl — (Jl 


/3.yj (11) 


A1 1 T„ 1 /A 1 

Oil — Inl — <J1 


"7/1 1/1 / 1 1 A 

/4. 14 (11) 


/"i A I„ 1 A 1 

(jy — Inl — (Jl 


1 /IO A/1 /I QA 

14o.U4 (1Z) 


A1 Q T„ 1 f\H 

(J13 — Inl — (J / 


111 .oz (1Z) 


AC T„ 1 /A "7 

Uj — Inl — (J/ 


"7/1 TO A 1 \ 

/4.3o (11) 


(J3 — Inl — (J / 


TO TO. M ')\ 

/Z. /V (1Z) 


All T„ 1 A "7 

(Jl 1 — Inl — (J / 


14Z.V4 (lz) 


A A T„ 1 AT 

(jy — inl — (J/ 


/o.oo (1Z) 


Ol — Inl — U / 


111 TO /I T\ 

lil.Zo (1Z) 


"VM A _ 1 XTC 

IN '4 — COl — IN J) 


yl.jz (1 /) 


T\JA /"^l "\T0 

IN H — COl — JNZ 


1 / j.jZ (lo) 


T\TC „ 1 XT') 

IN j — Col — IN 2 


OA /^T ( 1 £A 
VU.OZ (10) 


\T/1 Z" 1 ^ 1 XTQ 

JN4 COl — IN 3 


0/1 ^/1 /'I /^A 

o4.j4 (lo) 


"\TC A _ i XTQ 

IN j — CO 1 — IN 3 


A1 A A 

yi .zo (lo) 


XT1 A „1 Mi 

JNZ — Col — IN 3 


m in /1 /:a 
VZ.ZU (lo) 


XT /I Z" 1 ,-. 1 XT£ 

IN 4 — Col — JNo 


yi .Zo (lo) 


T\TC 1 ~K1/Z 

IN j — Col — JNo 


O/l / 1 CA 

54.Z3 (ID) 


XTO ^ „ 1 XT£ 

JNZ — Col — JNo 


m t> /1 /^a 

VZ.ZZ (lo) 


XT1 /'""i 1 XT/C 

JN 3 — Co 1 — JN 0 


1 "71 "71 / 1 C A 

1 15.15 (lo) 


XT /I A „ 1 XT 1 

JN4 — Col — JN 1 


m 1/1 / 1 oa 
yZ. 14 (lo) 


T\TC /~i „ 1 XT1 

JN j — CO 1 — JN 1 


1 "7/1 *7/i / 1 C A 

1 /4. /o (lo) 


XTO A„ 1 XT 1 

JNZ — Col — JN 1 


O/l 0*7 /1 *7A 

o4.o/ (1 /) 


XT'! a„ 1 XT 1 

JN3 — COl — JN 1 


n 1 c & ( 1 £A 

y i .jo (lo) 


XT£ A„ 1 XT 1 

JNo — COl — JN 1 


m ( 1 £A 
y3.Zo (lo) 


C/ — (Jl — ml 


1 1 £ £ /Q \ 

llo.o (3) 


AO AQ T„ 1 

Co — (J3 — Inl 


1 1 O 1 /"3A 

llo.Z (3) 


A A AC T„ 1 

CV — (Jj — ml 


I 1 n A 

II /.U (3) 


pin A*7 I 1 

C1U — (J / — Inl 


11/1 n\ 
114.0 (3) 


A 1 1 AQ T„ 1 

CI 1 — (JV — Inl 


1 lo.o (3 ) 


nn aii t„ i 
Clz — (Jl 1 — ml 


iio.y (3) 


I„ 1 All TT 1 1 A 

Inl — (J13 — H13A 


1 1 O 1 

1 lo. 1 


i „ i aii iii -j n 

Inl — (J13 — H13d 


m 1 
13Z.1 


TT IT A AIQ TT1 in 

hi 1 3 A — (J 1 3 — hi 1 3r> 


1U4.U 


CI — Nl — Col 


1 aa i ^ 

luy.3 (3) 


/ • i XT 1 1 I 1 A 

CI — JN 1 — hllA 


1 An o 

luy.s 


Col— Nl— HI A 


109.8 


CI— Nl— H1B 


109.8 


Col— Nl— H1B 


109.8 


H1A— Nl— H1B 


108.3 


C2— N2— Col 


110.4 (3) 


C2— N2— H2A 


109.6 



AC XTC I ICD 

Cj — JN j — hljr> 


1 An i 
1UV.3 


A „ 1 XTC I KD 

Col — JN j — hljr> 


1 nn i 

iuy.3 


hljA — JN j — hljr> 


1 A"7 n 

iu/.y 


/ • /; xT/i A„ i 

Co — JN o — Col 


1 AO A 

1U6.4 (3) 


/ • /C XT/i it/; a 

Co — JN o — hloA 


1 1 A A 
1 1U.U 


a „ i XT/i it/; a 

Col — JN o — hloA 


1 1 A A 
11U.U 


Co — JN o — hloB 


1 1 A A 

11U.U 


a „ i XT/i 1 1 /; i) 

Col — JN o — hlor> 


1 1 A A 

11U.U 


TTZZ A XT/I tt/"D 

HoA — No — Hob 


1 AO A 

108.4 


XT1 A 1 AT 

JN 1 — CI — Cz 


1 AT H {A \ 

10/. / (4) 


XT 1 A 1 TT 1 A 

JN 1 — CI — H1C 


1 1 A ") 
1 1U.Z 


/ • -> A 1 TT 1 A 

Cz — CI — H1C 


1 1 A 1 

1 1U.2 


xt 1 a i 1 1 1 n 
JN 1 — CI — HID 


1 1 A *i 

1 1U.2 


a a a i 1 1 1 n 
Cz — CI — HID 


1 1 A 1 

1 1U.2 


o 1 1 ' a i 1 1 1 n 
H1C — CI — HID 


1 AO C 


XTT A A A 1 

JNz — Cz — CI 


1 AT 1 {A \ 

10/. 3 14) 


xto a a in a 
JNZ — CZ — HZC 


1 1 A 1 

1 1U.2 


A 1 AA ITT A 

CI — Cz — HZC 


1 1 A 1 

1 1U.2 


XT') A A IT") TA 

JNZ — Cz — HZD 


i to i 
1 1U.2 


A 1 AA I n TA 

CI — CZ — HZD 


1 1 A 1 

1 1U.2 


II ") A AA I n TA 

HZC — Cz — HZD 


1 AO £ 


XT'] AQ A /I 

JN3 — C3 — C4 


1 a/; A 1 A\ 
1U0.4 (4) 


\T1 ( ' 1 TTip 

JN3 — C3 — hl3C 


1 in r 
1 1U.J 


A A AQ I IT / ' 

C4 — C3 — H3C 


lid r 


XTO aq l n TA 

JN3 — C3 — H3D 


|1A f 


A/1 AQ TTQ1A; 

C4 — C3 — H3D 


1 1 A C 

110.5 


TTQA AQ inrv 

H3C — C3 — H3D 


108.6 


XT A A A aq 

JN4 — C4 — C3 


1 a/; C {A \ 
1U0.5 (4) 


XT A A A I 1 ,1 { • 

JN4 — C4 — H4C 


1 1 A A 
1 1U.4 


AQ A A I I 1 / • 

C3 — C4 — H4C 


1 1 A A 
1 1U.4 


XT A A A I 1 ,1 TA 

JN4 — C4 — H4D 


1 1 A A 
1 1U.4 


A Q A /I I I ,1 TA 

C3 — C4 — H4D 


1 1 A A 
1 1U.4 


1 1 i / • a /i n , i n 
H4C — C4 — H4D 


1 AO £. 


XTC AC A/T 

Mj — Cj — Co 


1 A"7 n i A \ 

lU/.y (4) 


T\TC / • C TjrA 

JN j — Cj — HjC 


1 1 A 1 
11U.1 


/ • /; ac i jr / • 

Co — Cj — HjC 


1 1 A 1 
11U.1 


T\TC / ' C I I C TA 

JN j — Cj — HjD 


1 1 A 1 
11U.1 


( ' f AC I I c TA 

Co — Cj — HjD 


1 1 A 1 
11U.1 


I \ Z ( ' AC I I C TA 

HjC — Cj — HjD 


1 AO A 
1U6.4 


XT£ f ' /L ac 

JNO — Co — Cj 


1 a/; "t { a \ 
1U0.2 (4) 


XT/C A /" I !/'/' • 

JNO — Co — HOC 


11(1 f 

11U.3 


/ • C A /" I I/'/' - 

Cj — Co — HOC 


1 1 A C 

111). 5 


XT/i • /: i i /; ia 

JNO — Co — HOD 


|1A f 
1 1U.3 


AC A/C TT/CTA 

C5 — Co — H6U 


110.5 


H6C — C6 — H6D 


108.7 


02— C7— Ol 


124.7 (4) 


02— C7— C8 


119.9 (4) 


Ol— C7— C8 


115.4 (4) 


04— C8— 03 


126.7 (4) 



sup-6 



supplementary materials 



Col — JN2 — Hz A 


luy.o 


r\A r^Q r*H 
U4 — C8 — C / 




in o { a\ 
1 1 / .8 (4) 


\n inn 

C2 — JN2 — H2B 


luy.o 


r\i r^o f^n 
U5 — Co — C / 




lie/; { A\ 
115.0 (4) 


Col — JN2 — H2rs 


1 nn £. 
lUV.O 


f\c r^n r\c 

oo — cy — 05 




125.0 (4) 


HZ A — JN2 — HZB 


i no i 
1U8.1 


f\a r^n nn 

uo — cy C 1 U 




1 1 O A { A\ 

118.4 (4) 


C3 — JN 3 — CO 1 


1 1 n iC ii\ 
110.0 (i) 


r\c r^n nn 

us — cy — cio 




i i £. n t a \ 
11 0.0 (4) 


f^l Ml U1 A 

C.5 — JN3 — Hi A 


1 nn £ 

iuy.5 


Us — C 1 U — O / 




125.U (4) 


COl — SSi — Hi A 


1 nn £ 


r\Q nn r^n 

us — ciu — cy 




1 1 O A i A\ 

118.4 (4) 


C3 — JN3 — Hits 


1 nn £ 


nn r^n 

o / — c i o — cy 




1 1 /r c { A\ 

110.5 (4) 


/ , 1 Ml U1D 

Col — JN3 — HiB 


1 nn £ 

ioy.5 


oio — en — uy 




125. y (5) 


H3A — N3 — H3B 


108.1 


O10— Cll— C12 




118.6 (4) 


C4— N4— Col 


110.6(3) 


09— Cll— C12 




115.5 (4) 


C4 — N4 — H4A 


ioy.5 


012— C12— Oil 




123.6 (5) 


Col— N4— H4A 


109.5 


012— C12— Cll 




119.6 (4) 


C4— N4— H4B 


109.5 


Oil— C12— Cll 




116.8 (4) 


( • i \T/i i i i r> 


1 no ^ 
luy.j 








Hydrogen-bond geometry (A, °) 










D—H-A 


D — H 


H--A 


D-A 


D—H-A 


013— H13A-012' 


0.91 


1.79 


2.620 (5) 


150 


013— H13B-06" 


0.86 


1.84 


2.629 (4) 
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Nl— HIA-Oll"' 


0.90 


2.17 


3.064 (5) 


171 


Nl— HlB-08 iv 


0.90 


2.14 


2.972 (5) 


153 


N2— H2A-07 V 


0.90 


2.10 


2.935 (5) 


155 


N2— H2B- "O10 vi 


0.90 


2.01 


2.838 (5) 


152 


N3— H3A-07 V 


0.90 


2.34 


3.142 (5) 
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N3— H3A-03 V 


0.90 


2.37 


3.063 (5) 
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N3— H3B -06 iv 


0.90 


2.06 


2.878 (5) 


151 


N4— H4A-01 m 


0.90 


2.26 
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N4— H4A-02 m 
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0.90 
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0.90 
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0.90 


2.14 


2.912 (5) 
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N5— H5B -02 


0.90 


2.40 


3.099 (5) 


135 
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Symmetry codes: (i) -x+ 1 , -y+ 1 , -z+ 1 ; (ii) x+l , y, z; (iii) ~x, -y+ 1 , 


-z+2; (iv) -x, -y, 


-z+2; (v)-x+l, -y, 


-z+2; (vi) x,y,z+l 
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